Supplementary Figures
. Following incubation of transfected cell supernatant with QUANTI-Blue™, an increase in OD is observed only for samples where TNF- has been added to induce SEAP expression. . These analyses in a variety of challenging environments confirmed that only upon input of a second state modulator (antigen lysozyme + enzyme phosphatase, 1+1) to this multi-state protein was functional output stimulated; the synthetic antibody cAbLys3-pCys104 may therefore be considered to be an 'AND antibody' (AND-Ab). 
Supplementary Tables

Supplementary Methods
Protein Modification and Mass Spectrometry Milli-Q purified water was used for protein and cellular manipulations. Protein concentrations were determined by Nanodrop.
Liquid chromatography-mass spectrometry (LC-MS) was performed on a Micromass LCT (ESI-TOF-MS) coupled to an Agilent 1100 Series HPLC using a Phenomenex Jupiter 5 μm C4 column (250  4.6 mm). Water (solvent A) and acetonitrile (solvent B), each containing 1% formic acid by volume, were used as the mobile phase at a flow rate of 1.0 mL/min. The gradient was programmed as follows: 95% A for 5 min to desalt and then a linear gradient to 100% B over 15 min followed by 100% B for an additional 5 min. A linear gradient over 10 minutes back to 95% A was used to re-equilibrate the column. The electrospray source was operated with a capillary voltage of 3.2 kV and a cone voltage of 25 V. Nitrogen was used as the nebulizer and desolvation gas at a total flow of 600 l/hr. Under these conditions, all protein material typically co-elutes in a single peak between 13 and 18 minutes. For reaction analysis, the mass spectra for all protein material in this peak were combined using MassLynx software (v. 4.1 from Waters). Mass spectra were then calibrated using a calibration curve constructed from a minimum of 17 matched peaks from the multiply charged ion series of equine myoglobin obtained at a cone voltage of 25V. The calibrated, combined ion series was deconvoluted using a maximum entropy algorithm that is preinstalled on the MassLynx software.
ELISA (Enzyme Linked Immunosorbent Assay)
Each well of a 96-well plate (Greiner Bioone half-area high-binding plates) was coated with 1 g of hen egg white lysozyme (Sigma), and incubated at 4 °C overnight. All subsequent steps were performed at room temperature.
The plate was washed four times with PBS (pH 7.4) containing 0.05% Tween20 (Sigma), blocked for 90 minutes with 3% BSA in PBS and then washed once with PBS (pH 7.4) containing 0.05% Tween20. Antibody (0.48 mg/mL in 1% BSA, 0.02% Tween20 in PBS) dilutions were made across the plate for final concentrations of 240 g/mL to 234 ng/mL.
The plate was incubated with gentle rocking for 2 hours. Unbound antibody was removed by washing four times with PBS (pH 7.4) containing 0.05% Tween20. The secondary antibody (Anti-polyHistidine-alkaline phosphatase conjugate, Sigma) was prepared at a 1:1000 dilution in PBS (pH 7.4) and 50 L was added to each well. 
cAb-Lys3 expression, purification and characterisation
cAb-Lys3-Cys104 was expressed, purified and characterised as described elsewhere. 4 x 2.5 L of the Na 3 SPO 3 solution (84.9 mol, ~ 2700 eq.) was added to each aliquot over 30 minutes whilst shaking (600 rpm) at 37 °C. The reactions were continued for 7 hours in total, after which analysis by LC-MS revealed full conversion to cAb-Lys3-pCys104 (calc. mass 15874; obs. mass 15875) as shown in Supplementary Fig. 3 . The reaction solution was buffer exchanged and desalted using a PD10 minitrap.
LC-MS/MS analysis of Asp-N digests of cAb-Lys3-104
cAb-Lys3 (100 L, 0.2 mg/mL in ammonium bicarbonate pH 8. 
Phosphatase activity on cAb-Lys3-pCys104
Human Placental Alkaline Phosphatase (huPLAP, Sigma)
A solution of huPLAP (1 mg, 1.3 U) in 50 L 50 mM Tris-HCl pH 7.4 was prepared. 17 L of the enzyme solution (0.44 U) was added to cAb-Lys3-pCys104 (150 L, 4.6 nmol, c = 0.45 mg/mL in 50 mM Tris-HCl pH 7.4), and the reaction shaken at 37 °C (600 rpm). After 2 hours, LC-MS analysis revealed full conversion to regenerate cAb-Lys3-Cys104 (calc. mass 15797; obs. mass 15800, Supplementary Fig. 8 ).
Human acid phosphatase-1 (Human acp-1, Source BioScience)
To a solution of cAb-Lys3-pCys104 (140 L, 4.4 nmol, c = 0.48 mg/mL in 20 mM MES pH 6.0) was added human acp-1 (1 L, 80 U). After 2.5 hours at 37 °C (600 rpm), LC-MS analysis revealed full conversion to regenerated cAb-Lys3-Cys104 (calc. mass 15797; obs.
mass 15798, Supplementary Fig. 9 ).
Alkaline phosphatase (alp) -bovine intestinal mucosa phosphatase (bIMP, Sigma)
To a solution of cAb-Lys3-pCys104 (140 L, 4.4 nmol, c = 0.48 mg/mL in 10 mM PBS pH 9.8) was added bIMP (1.5 L, 209 U). After 20 minutes at 37 °C (600 rpm), LC-MS analysis revealed full conversion to regenerated cAb-Lys3-Cys104 (calc. mass 15797; obs. mass 15796, Supplementary Fig. 10 ). obs. mass 15801, Supplementary Fig. 11 ).
-Protein
Acid phosphatase (acp) from potato (Sigma)
A solution of acp from potato (1 mg, 3 U) in 50 L 10 mM MES pH 4.8 was prepared. 5 L of the enzyme solution (0.3 U) was added to cAb-Lys3-pCys104 (150 L, 4.6 nmol, c = 0.45 mg/mL in 10 mM MES pH 4.8), and the reaction shaken at 37 °C (600 rpm). After 2 hours, LC-MS analysis revealed full conversion to regenerated cAb-Lys3-Cys104 (calc. mass 15797; obs. mass 15793, Supplementary Fig. 12 ). pmoles/min/mg phosphatase activity. The activity of a range of commercial phosphatases on cAb-Lys3-pCys104 dephosphorylation were assayed (see Supplementary Fig. 15 ) and the calculated phosphatase activities were 58.0 pmoles/min/mg for acid phosphatase from potato, 
Testing of cAb-Lys3-Cys104 with Ellman's Reagent
